Objective: To present body fat patterning reference standards to identify children with a predominant distribution of body fat in the abdominal or truncal region of the body. Design: Cross-sectional study in a representative sample of Spanish adolescents aged 13-18 years. Subjects: A total of 2160 adolescents with a complete set of anthropometric measurements (1109 males and 1051 females). Measurements: Weight, height, body mass index, skinfold thickness (biceps, triceps, subscapular, suprailiac, thigh, calf) and waist and hip circumferences. Results: In the majority of the age groups, subscapular/triceps skinfolds ratio, trunk-to-total skinfolds percent (TTS%)and waist circumference values were significantly higher in males than in females; hip circumference was higher in females than in males, except at 15.5 years. In males, age showed a significant effect for all the body fat distribution indices; however, in females, the effect was only significant for triceps skinfold, waist and hip circumferences and waist-to-hip ratio. Smoothed age-and sexspecific triceps skinfold, subscapular skinfold, subscapular/triceps skinfolds ratio, TTS%, waist circumference and hip circumference, waist-to-hip and waist-to-height ratio percentile values for male and female adolescents have been established. Conclusion: These reference data for waist circumference and the other fat patterning indices, together with data from other countries, will help to establish international central obesity criteria for adolescents. The presented percentile values will give the possibility to estimate the proportion of adolescents with high or low regional adiposity amounts.
Introduction
Obesity, especially central body fatness, is associated with coronary heart disease morbidity and mortality 1 and coronary heart disease risk factors including dyslipidemia, insulin resistance and hypertension. 2 Most disturbances related to abdominal obesity have been established to show their onset during childhood. 3, 4 The study of fat distribution among children and adolescents is complex because there are marked changes in circumferences and skinfold thicknesses during growth and development. 5, 6 Furthermore, the amount of intra-abdominal fat, which may have a primary role in adverse health outcomes, is small before adulthood. 7, 8 In children, subcutaneous fat is by far the major depot in the abdominal region. 9 The two types of fat depots are abdominal and truncal fat depots. In population studies, the anthropometric marker of abdominal obesity is waist circumference; waist circumference measures visceral and subcutaneous fat in the abdominal region, and hence total abdominal fatness. 10 Truncal obesity can be defined as the ratio of subscapular to triceps skinfold thickness or the trunk-to-total skinfolds percentage (TTS%). 11 Waist circumference correlates well with intra-abdominal and subcutaneous fat measured by magnetic resonance imaging in children and adolescents. 12 Waist circumference is also a central feature of the metabolic syndrome and several diagnostic criteria of the condition include this marker in the definition. 13 Waist circumference is also a good tool for the screening of total body fat and the metabolic syndrome. [14] [15] [16] There are reference standards for waist circumference in several countries such as Italy, 17 United Kingdom, 18 The
Netherlands, 19 Australia, 20 Canada, 21 Spain 22 and United
States, 23 but few of them focus only on adolescents until the age of 18 years. Data on truncal body fat references are still very scarce. 6 Therefore, the aim of this study was to present body fat patterning reference standards to identify children with a predominant distribution of body fat in the abdominal or truncal region of the body.
Methods

Population
The complete methodology of the study was described elsewhere. 24 Briefly, the multicenter study was performed on Spanish adolescents aged 13-18.5 years, from 2000 to 2002. The population was selected by means of a multiple step, simple random sampling, taking into account first the location (Granada, Madrid, Santander, Zaragoza and Murcia) and then by random assignment of the schools within each city. Sample size was stratified by age and sex. The socioeconomic variable was considered to be associated to geographical location and type of school. As the selection of schools was carried out by random selection and fulfilling quota, this variable was also considered to be randomly assigned.
To calculate the number of adolescents to be included in the study to guarantee a representative sample of the whole country, we selected the variable with the greatest variance for this age group from the data published in the literature at the time the study was planned, which was body mass index (BMI). 6 The sampling was determined for the distribution of this variable; the confidence interval (CI) was established at 95% with an error 70.25. The established number of subjects was 2100. The total number of subjects was uniformly distributed in the five cities and proportionally distributed by sex and the following age groups: 13, 14, 15, 16 and 17 þ . The sample was oversized to prevent loss of information and because it was technically necessary to do the fieldwork in complete classrooms. After finishing the field study, the subjects who did not fulfil the inclusion criteria were excluded. Finally, the sample was adjusted by a weight factor to balance the sample in accordance to the distribution of the Spanish population and to guarantee the real representativeness of each group, already defined by the previously mentioned factors (age and sex). The final number of subjects included in the AVENA Study was 2859 adolescents. A total of 2160 adolescents had a complete set of anthropometric measurements and were then included in this study In each school, all the adolescents of one classroom were proposed to participate in the survey. A letter about the nature and purpose of the study informed parents or children supervisors. After receiving their written consent, the children were considered for inclusion in the study. Exclusion criteria were: type 2 diabetes, pregnancy, alcohol or drug abuse and non-directly related nutritional medical conditions. The protocol was approved by the Review Committee for Research Involving Human Subjects of the Hospital Universitario Marqués de Valdecilla (Santander, Spain).
Anthropometric method
Two anthropometrists in each city performed all the measurements; one measured weight, height and circumferences and the other, skinfolds. 25 BMI was calculated as body weight (kg) without shoes and with light clothing, divided by height (m) squared. Body weight was measured to 0.05 kg using a standard beam balance. Skinfold thicknesses were measured on the left side of the body 26 to the nearest 0.1 mm using a Holtain skinfold caliper, at the following sites: (1) triceps, halfway between the acromion process and the olecranon process; (2) biceps, at the same level as the triceps skinfold, directly above the center of the cubital fossa; (3) subscapular, about 20 mm below the tip of the scapula, at an angle of 451 to the lateral side of the body; (4) suprailiac, about 20 mm above the iliac crest and 20 mm toward the medial line; (5) thigh, in the midline of the anterior aspect of the thigh, midway between the inguinal crease and the proximal border of the patella and (6) calf, at the level of maximum calf circumference, on the medial aspect of the calf. 25 Quality control of anthropometric measurements was ensured by estimation and continuous monitoring of intra-observer (every researcher in the five cities, compared with himself or herself) and interobserver (comparison between the five researchers who took the measurements) reliability. Intra-observer reliability for skinfold thickness was higher than 95% for almost all the cases; inter-observer reliability for skinfold thickness ranged from 83.05 for biceps skinfold to 96.38 for calf skinfold. 25 Circumferences were measured in centimeter with an inelastic tape to the nearest millimeter, with the subject in a standing position. To measure the waist circumference, the tape was applied horizontally midway between the lowest rib margin and the iliac crest, at the end of gentle expiration. The hip circumference measurement was taken at the point yielding the maximum circumference over the buttocks, with the tape held in a horizontal plane. Intra-observer reliability for circumferences was higher than 95% for almost Fat distribution in adolescents LA Moreno et al all the cases; inter-observer reliability for waist and hip circumferences were 97.90 and 94.84, respectively. 25 The complete set of anthropometric measurements was performed three times, but not consecutively; we measured all the anthropometric variables in order, and then we repeated the same measurements two more times. Mean values were obtained from the three measurements. As indices of truncal obesity, we calculated the ratio of subscapular to triceps skinfold thickness or the TTS%.
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Statistical analysis All the variables were described as mean and s.d. Differences between both sexes in each age group were assessed by means of the Mann-Whitney U-test. Differences between age groups in each sex were assessed by means of the KruskalWallis test. Centile values were calculated and centile curves were fitted to the data using Cole's a transformation, median, and coefficient-of variation (LMS) method. 27 Briefly, this assumes that the data can be transformed to normality by a suitable power transformation (L), and the distribution is then summarized by the median (M) and coefficient of variation (S). The values of L, M and S are constrained to change smoothly with age, and the fitted values can be used to construct any required centile curves.
Results
Adiposity-related indices are shown by age and sex in Table 1 . Mean triceps skinfold, subscapular skinfold, subscapular/ triceps skinfolds ratio, TTS%, waist circumference, hip circumference values and waist-to-hip and waist-to-height ratios, in both males and females, are shown in Table 2 . In the majority of the age groups, subscapular/triceps skinfolds ratio, TTS% and waist circumference values were significantly higher in males than in females; triceps skinfold, subscapular skinfold and hip circumference were higher in Fat distribution in adolescents LA Moreno et al females than in males, except for hip circumference at 15.5 years. In males, age showed a significant effect for all the body fat distribution indices; however, in females, the effect was only significant for triceps skinfold, waist and hip circumferences and waist-to-hip ratio.
Smoothed and weighed age-and sex-specific triceps skinfold, subscapular skinfold, subscapular/triceps skinfolds ratio, TTS%, waist circumference and hip circumference percentile values for male (Table 3) and female (Table 4) adolescents are shown in the corresponding tables. Smoothed LMS curves for the 5th, 10th, 25th, 50th, 75th, 90th and 95th percentiles of subscapular/triceps skinfolds ratio, TTS%, waist circumference and hip circumference for (a) boys and (b) girls, are shown in Figures 1-4 . The percentile distribution was more disperse towards higher values mainly for waist circumference.
Discussion
Adolescence is a critical period for the onset of obesity and obesity-associated morbidity in later life. Hence it is crucial to classify adolescents in terms of risk associated with the pattern of body fat distribution. This study show for the first time smoothed reference data for body fat distribution indices for Spanish adolescents 13-18 years of age. For this purpose and because AVENA is a large epidemiological study, we used anthropometric measurements. The studied sample is representative of the real situation in Spain, with a prevalence of overweight, including obesity, of 25.69% in boys and 19.13% in girls. 28 Previously, we already presented total body-fat composition reference values in the Spanish population studied in the framework of the AVENA Study. 29 Body fat reference curves for children and adolescents start also to be available in some other population groups. 30 Two types of fat depots that are localized in central and truncal body regions are abdominal and truncal fat depots. The anthropometric marker of abdominal obesity is waist circumference. Skinfold thicknesses measure subcutaneous fat at one or more sites to characterize total adiposity and they are restricted to the selected sites and do not measure internal fat. Truncal obesity can be defined as the ratio of subscapular to triceps skinfold thickness or the TTS%. Both abdominal and truncal fat depots have been shown to be associated with lipid and insulin concentrations in children and adolescents. 4 That is why it is important to have reference values for the selected anthropometric indices, to classify adolescents according to their corresponding health risk; even if other accurate measures of body fat patterning, and especially of abdominal adiposity, like nuclear magnetic resonance imaging, 12 should also be used.
For waist circumference, there are reference standards in several countries such as Italy, 17 United Kingdom, 18 the Netherlands, 19 Australia, 20 Canada, 21 Body fat has been also shown to be related with a chronic low-grade systemic inflammation in apparently healthy adolescents; CRP, C3 and C4 were correlated with central obesity (as measured by waist circumference). After adjustment for BMI, C3 remained independently associated with central obesity. Fat distribution in adolescents LA Moreno et al
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Very recently, a trend toward high waist circumference values has been observed in children and adolescents from the United Kingdom 10, 39 and Spain. 40 In British children, trends in waist circumference during the past 10-20 years have greatly exceeded those in BMI, particularly in girls. 10 In Spain, we have previously observed a trend to higher waist circumference values in adolescents from Zaragoza aged 13-14 years, from 1995 to 2000-02; these changes were related to changes in total adiposity (BMI), but changes in waist circumference were independent of BMI changes in the majority of the age and gender groups. 40 Concerning truncal adiposity, we have also observed a trend to a central pattern of fat distribution assessed by means of the TTS% in children from Zaragoza (Spain).
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These observations were independent of trends in BMI in 6-11 years in males, and in 6-7 years in females. Ecological reasoning might predict that rates of diseases associated with a central pattern of fat distribution would increase in parallel with the observed trends. That is also a reason to try to obtain sequential data on body fat patterning in the children and adolescent population.
We have observed a trend to higher truncal and abdominal fat depot with age, mainly in males. In adolescents, changes in body fat distribution indices must be considered in relation with the pubertal development. We have also shown that both BMI and waist circumference were higher at late puberty in comparison with early and mid puberty. 41 Garnett et al. 42 have also observed that between 7-8 and 12-13 years waist circumference increased more than total adiposity; and they also have shown that waist circumference identified a greater number of young people as overweight or obese compared to BMI. The main limitation of this study is related to its design. Body fat distribution reference values in growing children and adolescents should be obtained in longitudinal studies that give the possibility to assess natural changes in individual growth and development. In the absence of a recognized definition of increased central adiposity in young people, the terms overweight and obesity referred to central adiposity are currently being arbitrarily defined. Therefore, the reference data for waist circumference provided in this paper, together with data from other countries, could help to establish an international central obesity waist circumference criteria. The presented percentile values will help us to classify adolescents in comparison with a wellestablished reference population, and to estimate the proportion of adolescents with high or low regional adiposity amounts. Fat distribution in adolescents LA Moreno et al
